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This paper dzscz ibes results of preliminary experiments designed to

develop automated flow-analysis methods for determining damage to respiratory

tract cells in humans exposed by inhalation of physical and ch~mical. toxic

agents, the specific goal being the determination of early atytlical changus

in exposed lung epitheliums using the Syrian hamster iIs a model rest system.

Hamster respiratory cell samples composed of macrophag~’s, leukocy~us, cillatcd

cclumnar, and basal uru.ltfferentiatexi CV1lS were ~btil~n~(.1 by lav~lging the lungs

vith L“hysioluglcd saline. Cell samples stalrledwicll fluorescent dyu::spt!-

cific for various biochemical parameters were analyzed in liquld susp~’ilsii~n

as they

Sensors

by-cell

flo~red through a chamber intersecting a laser beam U! uxciting light.

mcasurcwi the fluorescence and light-scatter optical sig[]als on L1 cel 1-

basis. Cellular parameters proportional to uptical Si#lillS (e.};.,

enzymatic csterase activity, cell size, DNA content, pr~t~!tli, nuclt!ur and

cytopl~smic dl;;rneter) vere displ~y~d as frequency distribution histo);ram:.

Cells were also separated clvtronlcally and identlfit’d micrwcupical.]y. The’

b.aslc operating features of the technology are prescntc’d, along wit]! r(’p-

resentatlve m-~mplcs of reshlcs which illustrate t.llti.al Chilracteriz.ltlwd of

normal. exfoliated respiratory tract CC1lY.
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analyze rusplr.lcory trart cells, ❑easurwmmt (If L*;~rly L.II:IIIXL”Sin thl’ V.-rjilli+

cellular propertks tis a function of exposuru to toxic n!dLL’ridls will b~. p~”r-

forwd.

!4ATER1.US .A2iD?EH[~~OS—.. .. . -

Sample Acquisition, Pr,*paraLion, and Stuining——— —.
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amplitude of which was proportional to the rcspcctlv,~ dliwnutrr (14). Nuclear

mid cytnplasmic diameter ❑ easurements were determined similarly from PI-FITC

stained cells by measuring the red (nucleu~) and grcrn (cytoplasm) fluorescence

signal time durations (15). Both methods are simil~r Ln concept LO the “slit-

scan” principl~ prevlausly described by Ul,celess (16,17).

Optical signals proportional to the various cellular paramuturs wcru pro-

cessed as single parameters or two-parameter combinations. A multichannel

pulue-height analyzer accumulated and displayed signals as pulse-amplitud~”

frequency distrJ.bution histograms (Fig. 1). After optical muasuremtnt, culls

e=r~ed from the flow chamber exit nozzle in a strc~l,l (liquid jut) which wii~

broken into uniform droplets, thu~ isalating cells into droplets wit’1 dl)lJrOX-

Imately 2% containing a single cell (18). When expurlmunts required CC).lS to

be separated, pracessed signals corresponding to the spuutfic rcg~un o! a

distribution lnwhich CCLIS to be separated were locatccl il~tiv~ttid i]n elec-

tronic the delay which then triggured a droplet charging pulsi’. This causud

a group of droplets containing the cell of interest to bc charged and

deflected by a static elcctrtc field into n cullectlon VCRSC1. Sorted CLI1lS

were then introduced into a cytocentrifugc and deposited onto u microscope

allde for countcrstalnlng and idcntlficatlun.

In addition to measuring smdll-angle Light scatter, i~ flow instrument

capable of mmsuring llght scatter at 32 angles slmul.tanuou~lv (7) hus buwn

used to analyzu respiratory tract cells. As cells pass throu}!h tll~’ flow

chambsr and Intersect a heliuwncon laser beam, scatturcd light iH dutccted

using a circuiar photodiodl! array, measured values sturwl lN iI computer. and

then processed to form a scatter dhgram of Ligl:t-scatter IntvnslLy VH anplc.

The sctilter data are then converted into a cluster dla~rum which pormlts

Individual llght-scatter patterns from each CCL1 to bu grouped accurding to

s mathcmattual clustering algorlLhm (19).
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distribution in which the first peak rcprrscnts CLml~~ bilvitlg X diploid USA

content and the secund peak doublets and binucl~’~tvd u-t~lls hil~rlrl~~ .IC DNA

content (3). The cell SIZC distribution (HaJ1l-:lR~IL” Lig!lc .;,”~ltL~’r), WhiL-~l

was obtained by recording onl} those light-~c~’.tur sign~ls coincid~’nt wit!l

fluorescence signals (DXA content), is broad, indic~tin,: .1 wid~. r:ln!:,p .~i <..11

sizes ccmposed primarily of two ma;or ru~iens (pc~ks 1 J:M! 2) AS IllusLr:lt\,d

in Fig. 4B.

The nuclear diameter distribution (Fig. 4C), uhlch WJ+ ,)bL.lin~,d fri~m

fluorescence signal time duration mc.:suscmncs, Is csstmtilll!y ullimmial,

indicating cells with nuclei similar in size. Puak 2 of l~i,:. ‘,C rci~rust~[:t+

a mall por[ion of the population amposud si cull d~ublut:i ;iid L!I\)s1* w.,i.”!l

are binucleatetl. The gated cytuplasmi: diametur distribuLi.ul (Fi%. LI)),

deteruincd from mall-angle lLght-scatter sis.lal tlmu dur:lriu:~ m’i~sur~m~n~..;

in coincidence with fluorescence signals, lndicat~”s ;l minimum oi two c~~ll

types.

Similar data recorded un other resplt:~tury tract uwhings shuw J m[nirum

of three cell cypcs. Experiments are currtultly jn progress tt, v~,rify wllar

cells correspond to the different peaks in the respuctivc diamL’tL’r d!strihu-

tlons and to improve tnc resolution cf diomter DIWISIKUIW1lLS.

‘ho-color fluorescence analysis of DNA conten~, total prot~”ln, and nuclt”jlr

and cytoplasmic diameter Ln respiratory tract cells stained with P1-FITC is

shown in Fig. 5. The DNA content distribution (Fig. 51,] is unirnud;ll but sllmc-

what broader than Lhut recorded earlier using tho mlthrnmycin tuchniquc (FiK. 4A).

This increased bro,~dness is thought to be due, Ln part, to :+pcctrnl color ovt”r-

lap that exists between PI and FT.TC. The gated puotcin distribution (Fig. tll),

which wss obtained by recording only those greLm (protuln) signals coincld{mt

wfth red (DNA) fluurcscencc signals, Is broad and Lndlcatm M wkk range in
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moddl1

gated

cence

sh.JwLl

FuLure rxperimunts wili involw! scpzrating

Measurements fLlr Identification purposes.

In studi~.s dL’signud LO measure subtlu

cells, the uitimatc goal bein~ du’velupment of cytologic:ll

caters for usu in estimating damage tu lung cpithclium of

inhalation to Loxic ag~nts. Respiratory trart cells from

contlm,w to bu analyzd using LIW differmL flow-an.l~y.+is

and biochemical indi-

humans exposed by

norrnul h.amstcrs will

Iuutimds for the

required inltlal characterizations. These will Jncludu DNA content, prctein,
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cell size, enzyme activity, nuclear and ~vcop!:lsmi~. siz~. rO*lmJtl,~ll:illI1l.; i::.. lL;~~:,,;

nuclear-ca-cytopl.lsmic ratiob, und rnultianglu li};ht-+r,ltL~-r I!r.ipo,rt it.:; . CL”ll.*

will bc characturizcd =~re extensively bas~vl ~~n i!lk~~~. ;}.lr.l:~L-:L’r+ ,Ir.d, in ,E.!.: i -

tlon, will be separated and inorphologlcall:y idL’n~iridd. & Lix;\~irimL,tlL.lLi.~ll

proceeds, it may be necessary JLSO to ❑edify L5H cull prc;t,lr.~LI.~n :Lnd st:]i:ii::.

procedures and instrumental analysis cwtlwds du~~l~};*\*~{ lr,Ltli-iniL!.l!:,tlld~~t.,

In addition, ccmt~nucd emphasis wL1l bu placed on nL%’ :RLZLII,IJ% w’11.:!I w:: !I~~

potential indicators cf atypical cellular chafigcs. As rh~’i!.w L,.<iLIItJl..T::

becomes adapted to the analysis of respiratory tr~,.t..,.!1.:,E.~...llrL”r”t.:lLlL .:

physical and biochemical cellular prrpurti~w as J iunction ,*i ,.x;llv:uY,. :,. p .~’. . .. .

agentS will be performed on groups uf L’xp~”rLmunL.li .i:h! ~.’:ll r,.’! .Inir.:.ii:”, xi:.

the results ultimately being extrapolutud t~ hm.hns.

~CKNOk’LE2G}!L::TS.. ... .

TMs work was performed under che auspices or the U. S. Knvr,!:: lt.Is~’..” ::

and Development Administration. with joint suppurt ir~m ti~~. ~. S. Fhlviron-

Mental Protection Agency (agree-writ EPA-IAG-D5-116H 1). XLI th;lnk M. In};rx:.
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TABLE 1. Differential CCIJ. counts of normal hamater respiratory trac: cell

samples obtained by lavaging the lungs with normal salinea

[2imater Macrophages Leukocytes Basal Undifferentiated Cillatcd Columnar
Numbez (%) (%1 Cells (%) Cells (~)

1 74 i8 7 1

2 79 14 6 1

3 74 17 7 ‘1&

4 44 43 12 ~
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FLg. !5. Frequency tllstribution 5istogram-5 of !ISA content, total protei~,

and nuclear and cytoplasmic diamuters from a nomal hamster respiratory tracz

washing fiwwl and stdnud with P1-FIZC and analyzed ioA two-color flu~resczncu

propcrtirs: (A) Dx.i ,“untunL; (hj KOtJl prOtPln obtrinecl by re~ordimg dl,~.

green f].UCIrUSL:WICL1 si~nuls from nucleated cells; (C) nuclear diameter obt&i::u.I

from rvd nuclu,kr ilu”Jr~.scencu signal time durations; a ::4 (D) cytoplasnic di~.=-

eter obtained by recording only green fluorcscuncd sigmal time duratflJns iror.

nucleated culls. CelLs corresponding to puLks 1 and 2 ot (B) and {D) have

not been positively idecclfied and are under investigation.
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